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Abstract In this study, various algorithms developed by global community have been applied to DMSP-SSM/1 data Those algorithms 
which were found most suitable and appropriate have been used for the analysis and proper depiction of monsoon systems over the Indian region 
It IS found that prior to the formation the monsoon depressions, there was strengthening of surface wind speed to the south of the low pressure area 
This wind speed was of the order of 12-15 ms"'. The strengthening of wind speed was in association with the low-level jet present over that 
region Higher values of integrated water vapour (60-70 kg m" )^ were observed over the central and head Bay throughout the life cycle of 
monsoon depression Highest values of integrated cloud liquid water (0 7 kg m~^ ) were found to be associated with major convective activity in 
the southwest sector of the monsoon depression Windspread precipitation (2-16 mm h r ')  was found to be associated with low pressure system 
over the northwest Bay and the precipitation was further found to be concentrated more in the southwest sector of the monsoon depression with 
maximum precipitation rates of the order of >20 mm hr ' Results of our study suggest that estimated geophysical parameters obtained from 
SSM/1 data can be used with some confidence as an input to various weather forecast models.
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1. I n t r o d u c t io n
In the re c e n t y e a rs , r e m o te  s e n s in g  o f  th e  a tm o sp h e ric  
systems fro m  th e  sp a c e  h a s  b e e n  e n h a n c e d  f ro m  v a rie ty  o f  
m icrow ave s e n s o rs . M o s t n o ta b le  a m o n g  th e se  se n so rs  is 
Special S e n so r  M ic ro w a v e /Im a g e r  (S S M /I) , a  m u ltic h a n n e l 
m icrow ave r a d io m e te r  w ith  im a g in g  cap ab ility ^  o n b o a rd  
American d e fe n s e  s a te ll i te  s e r ie s  D M S P . T h e  m ic ro w a v e  
imager p ro v id e s  a  w e a lth  o f  in fo rm a tio n  a b o u t g e o p h y s ic a l 
param eters su c h  a s  in te g ra te d  w a te r  v a p o u r , in te g ra te d  c lo u d  
liquid w a te r, su r fa c e  w in d  s p e e d  a n d  p re c ip ita tio n  ra te s . In  
this study, th e  o b s e rv a tio n a l c a p a b ili ty  a n d  p o te n tia l u se  o f  
D M SP-SSM /I in  th e  c o n te x t  o f  th e  m o n s o o n  sy s te m s  is 
discussed. S o m e  o f  th e  a lg o r ith m s  d e v e lo p e d  b y  th e  w o rld  
com m unity in  th e  r e c e n t  y e a rs  fo r  th e  re tr ie v a l o f  th e  
geophysical p a ra m e te r s  h a v e  b e e n  e x a m in e d  a n d  th o se  
found m o st u se f til o v e r  th e  In d ia n  re g io n  h a v e  b e e n  u se d  in 
this study.
It is o b se rv e d  f ro m  th e  e a r l ie r  w o rk s  [ 1 - ^ ]  th a t S S M /I 
data have  b e e n  u s e d  m o s tly  f o r  s tu d y in g  th e  la rg e  sc a le
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a sp e c ts  o f  m o n so o n  c ircu la tio n . T h ese  d a ta  h av e  n o t been  
e x p lo ite d  so  far, in d e ta il, fo r  s tu d y in g  m o n so o n  system s 
o v e r  th e  In d ian  reg io n . T h e re fo re , in  th is  s tu d y , ch a rac te ris tic  
fe a tu re s  a s s o c ia te d  w ith  d if fe re n t  s ta g e s  o f  m o n so o n  
d e p re ss io n  are  b ro u g h t ou t.
2. Data
T h e  S S M /I b rig h tn e ss  te m p e ra tu re  m ea su re m e n ts  a t fou r 
f re q u e n c ie s  viz. 1 9 .3 5 ,2 2 .2 3 5 , 37 an d  85 .5  G H z  a re  used  fo r 
m o n i to r in g  th e  a e r ia l  c o v e ra g e  o f  m o n s o o n  sy s te m s , 
p a rtic u la r ly  low s an d  d e p re ss io n s  o v e r  the B ay  o f  B en g al 
d u rin g  1 9 9 1 -9 5 . D a ily  w e a th e r su m m arie s  o b ta in ed  from  
In d ian  M e te o ro lo g ic a l D e p a rtm en t a rc  u sed  fo r se le c tin g  th e  
sy n o p tic  s itu a tio n  o v e r th e  In d ian  reg io n  fo r th e  life  cyc le  
o f  m o n so o n  system s. D M S P  an d  IN S A T  sa te llite  im agery  
a re  u se d  to  lo ca te  an d  to  m ark  th e  a d v an cem en t o f  m o n so o n  
sy s te m s  o v e r  th e  In d ian  reg io n . E C M W F  su rface  and  
u p p e r a ir  ch a rts  a rc  u sed  to  id en tify  an d  in sp ec t th e  su rface  
p a tte rn  an d  u p p e r  a ir  c ircu la tio n  a sso c ia te d  w ith  m o n so o n  
sy s tem s .
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3 . M e th o d o lo g y
T h e  p a ss iv e  m ic ro w a v e  e m iss iv ity  o f  th e  o c ean  su rface  
v a r ie s  in re s p o n se  to  d e fo rm a tio n  to  it c au s in g  ch a n g e s  in 
its b r ig h tn e ss  te m p e ra tu re . T h ese  c h a n g e s  in b rig h tn ess  
te m p e ra tu re  a re  m e a s u re d  by S S M /I, an d  can  be  a n a ly se d  to  
re tr ie v e  w in d  sp e e d  o v e r  th e  o ce a n ic  reg io n s . T h e re  a re  
se v e ra l su r fa c e  w in d  sp e e d  a lg o rith m s . T h e  re c e n t o n es  
a re  ( i)  G o o d b e r le t  et al [5 |,  ( ii)  G o o d b e rle t an d  S w ift [6],
( i ii)  S c h lu e sse l a n d  L u th a rd t [7] an d  P e tty  [8]. T h e  e s tim a ted  
su rfa c e  w in d  sp e e d  o b ta in e d  from  th ese  a lg o rith m s  w ere  
c o m p a re d  w ith  th e  su rfa c e  w in d  sp eed  o f  M in ico y  is land  
s ta tio n  b e c a u se  it h as  th e  lo w est h e ig h t am o n g  all th e  island  
s ta tio n s  o v e r th e  In d ian  seas. It is found  th a t P e tty ’s a lg o rith m s 
su its  b est w ith  al! s ta tis tic a l te s ts  H en ce , th is  a lg o rith m  is 
u sed  in th is  s tu d y .
A lg o rith m s  fo r  p a ss iv e  m ic ro w a v e  re tr ie v a l o f  in teg ra ted  
w a te r  v a p o u r  h av e  b een  w e ll e s ta b lish e d  an d  d o c u m e n te d  in 
th e  lite ra tu re  s in c e  th e  m id d le  o f  1970s [91. F o r S S M /I, 
h o w e v e r, th e re  h a v e  b e e n  n u m b e r o f  re c e n t d e v e lo p m e n ts . 
T h e  fo llo w in g  a lg o r ith m s  h av e  b een  c o n s id e re d  for th is 
s tu d y  / e. ( i)  A lis h o u se  at al [1 0 ], P e tty  an d  K a its a ro s  11 11, 
S c h lu e sse l an d  E m e ry  [12] an d  L o jo u s  et c// [ I 3 | .  E s tim a ted  
in te g ra te d  w a te r  v a p o u r  o b ta in e d  fro m  th ese  a lg o rith m s  arc  
c o m p a re d  w ith  th e  in te g ra te d  w a te r  v a p o u r  o b ta in e d  from  
ra d io so n d e  d a ta  o f  M in ic o y  an d  P o rtb la ir  is lan d  s ta tio n s . 
S ch lue.ssel an d  E m e ry ’s a lg o r ith m  112] w as fo u n d  to  g iv e  th e  
b es t d e sc r ip tio n  o f  in te g ra te d  w a te r  v a p o u r  o v e r  th e  Ind ian  
re g io n .
F iv e  re c e n t a lg o r ith m s  fo r in te g ra te d  c lo u d  liq u id  w a te r 
n a m e ly  ( i)  A lish o u se  et al [1 3 ], (ii)  H a rg e n s  et al [14 ],
( i ii)  P e tty  [1 5 ], ( iv )  W e n tz  [ 16] an d  (v ) W en g  and  G ro d y  [ 17] 
h a v e  b een  c o n s id e re d  fo r th is  s tu d y . T h e  m a jo r  im p ro v em en t 
o f  W e n g  an d  G ro d y ’s a lg o r ith m  o v e r  m an y  o th e rs  a re  d u e  
to  (a )  it d e te c ts  c lo u d  liq u id  w a te r  in o p tic a lly  th in  s tra tu s  
a n d  low  lev e l c lo u d s  v e ry  w ell, (b )  it m e a su re s  c lo u d  liq u id  
w a te r  in h ig h ly  c o n v e c tiv e  c lo u d s , (c )  c lo u d  liq u id  w a te r  
d e r iv e d  fro m  th is  a lg o r ith m  ag re e  w e ll w ith  th a t d e riv ed  
u s in g  g ro u n d  b a se d  m e a su re m e n ts . H en ce  w e h a v e  u sed  
a lg o r ith m  o f  W en g  an d  G ro d y  in o u r  s tu d y . F ig u re  I sh o w s 
S S M /I-d e r iv e d  c lo u d  liq u id  w a te r  d is tr ib u tio n  fo r  m o n so o n  
d e p re s s io n  d u rin g  2 2 - 2 7  Ju ly , 1992 .
F o u r  re c e n t a lg o r ith m s  fo r p re c ip ita tio n  ra te s  d e v e lo p e d  
b y  d if f e re n t  r e s e a rc h e r s  n a m e ly  ( i)  O ls o n , ( i i )  B e rg ,
( i i i )  P e tty  a n d  ( iv )  S m ith  et « /  [1 8 ] h av e  b een  e x a m in e d  in 
o u r  s tu d y . T h e  d e ta i ls  o f  th e  a lg o r ith m s  by  O lso n , B e rg  an d  
P e tty  c a n  b e  seen  in W ilh e it ctal{\9].  O f  th e se , th e  a lg o rith m  
d e v e lo p e d  b y  S m ith  et al [1 8 ] is fo u n d  to  b e  m o s t su ita b le  
o v e r  th e  In d ia n  re g io n  b e c a u se  o f  th e  fo llo w in g  re a so n s  :
(a )  in  th is  te c h n iq u e  th e  e r ro r  c a u se d  b y  sp a tia l a n d  te m p o ra l 
v a r ia tio n s  o f  su r fa c e  te m p e ra tu re , e m iss iv ity  an d  a tm o sp h e ric  
e ffe c ts  a re  m in im is e d  b y  m o d e llin g  n o n -ra in in g  b rig h tn e ss  
te m p e ra tu re s  w ith  h a l f  d e g re e  la titu d e  a n d  h a lf  d e g re e  
lo n g itu d e  re g io n  b a se d  on  s ta tis tic s  o f  sa te ll ite  d a ta , (b )  th e
a lg o rith m  is se n s itiv e  to  lig h t ra in fa ll le ss  th a n  0 .5 mm 
h r^  an d  sh o w s la rg e  d y n a m ic  ra n g e  o f  m e a su rin g  heavy 
ra in fa ll.
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Figure I. PMSP-SSM/I-iJcrivcd cloud liquid water distribution for monsoon 
depression during 22-27 July, 19Q2
4. R e s u lt s
T h e  fo llo w in g  sa lie n t fe a tu re s  h av e  b e e n  b ro u g h t ou t based 
on th e  d e p re s s io n  th a t fo n n e d  o v e r  th e  B a y  o f  B en g a l during 
2 2 - 2 7  Ju ly , 1992.
( i)  T h e  e ffe c t o f  lo w -lev e l j e t  in m o d u la tin g  th e  strength 
o f  su rfa c e  w in d  sp e e d  w a s  o b se rv e d  p r io r  to the 
fo rm a tio n  o f  d e p re s s io n  o v e r  th e  B a y  o f  B en g a l. This 
w in d  sp e e d  w as o f  th e  o rd e r  o f  1 2 -1 5  m s *.
( i i)  A e ria l c o v e ra g e  o f  h ig h e r  v a lu e s  o f  th e  integrated 
w a te r  v a p o u r  (6 0 - 7 0  k g  m ’^) w as  fo u n d  to  be more 
d o m in a n t in th e  so u th w e s t s e c to r  o f  th e  monsoon 
d e p re s s io n .
( i ii)  H ig h e r  v a lu e s  o f  th e  c lo u d  liq u id  w a te r  w ere  found 
to  b e  w e ll o rg a n is e d  in th e  so u th w e s t se c to r  o f  the 
m o n s o o n  d e p re s s io n  w ith  v a lu e s  > 1 .8  k g  m ^ .
( iv )  P re c ip ita tio n  ra te s  w e re  m o re  in  th e  so u th w e s t sector 
o f  th e  m o n so o n  d e p re s s io n  a n d  th e y  w e re  of the 
o rd e r  o f  1 5 -2 0  m m  h r
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